Background: Frailty has been considered an antecedent and, to a lesser extent, an outcome of cognitive impairment. Both frailty and cognitive impairment are multiply determined and each is strongly related to age, making it likely that the two interact, especially as people age. In consequence, understanding their interaction and co-occurrence can offer insight into pathophysiology, prevention, and management. Objective: To examine the nature of the relationship between frailty and cognitive impairment using longitudinal data from the Survey of Health Aging and Retirement in Europe (SHARE), assessing for bidirectionality. Methods: We conducted secondary analyses using data from the first two waves of SHARE. The sample (N = 11,941) was randomly split into two halves: one half for model development and one half for model confirmation. We used a 65 deficit Frailty Index and combined 5 cognitive deficits into a global cognitive impairment index. Cross-lagged path analysis within a structural equation modelling framework was used to examine the bi-directional relationship between the two measures. Results: After controlling for age, sex, social vulnerability, education, and initial cognitive impairment, each 0.10 increase in baseline frailty was associated with a 0.01 increase in cognitive impairment at follow-up (p < 0.001). Likewise, each 0.1 increase in baseline cognitive impairment was associated with a 0.003 increase frailty at follow-up (p < 0.01). Conclusion: Our findings underscore the importance of considering cognitive impairment in the context of overall health. Many people with dementia are likely to have other health problems, which need to be considered in concert to achieve optimal health outcomes.
INTRODUCTION
As people age, their risk of frailty [1] and cognitive impairment [2, 3] increases. Thus, that frailty and cognitive impairment are associated with each other is not surprising. Most studies report frailty as an antecedent [4] [5] [6] [7] of cognitive impairment and * Correspondence to: Melissa K. Andrew others as an outcome of cognitive impairment [8, 9] . The mutual influences between frailty and impaired cognition have been discussed [10] , including a proposed construct of "cognitive frailty" [11] . This last is held to be a combination of "physical frailty", which is defined by five features, three of which (i.e., reduced activities, motor slowing, weight loss) are known to be risks for dementia and mild cognitive impairment (MCI) [12] .
Despite the caveat that in considering agerelated disorders it is important to consider age as more than something to be "controlled for" [5, 13] , comparatively little research has focused on examining the potential bidirectional relationship between frailty and cognitive impairment. Possibly, the accumulation of health deficits, whether physical or cognitive, depletes available health reserves increasing the likelihood of further accumulation of physical and cognitive deficits. This would be so if each of these deficits reflected common age-related processes.
Furthermore, the social context is likely to exert important influence. A number of social factors have been linked to cognitive impairment [14] [15] [16] [17] [18] [19] [20] [21] [22] and are also important risk factors for and correlates of frailty [23] [24] [25] [26] [27] [28] . Given the connection from social vulnerability to both frailty and cognition, the inclusion of social vulnerability may explain some of the overlap between cognition and frailty.
Our objective, using longitudinal data from the Survey of Health Aging and Retirement in Europe (SHARE), was to simultaneously examine frailty and cognitive impairment as both antecedents and outcomes.
METHODS

Participants and design
We were primarily interested in identifying the reciprocal relationship between frailty and cognitive impairment rather than the trajectories of either variable. For this reason, we conducted secondary data analyses using only the first two waves of SHARE (2004-2005 and 2006-2007 )-baseline and follow-up. SHARE was designed to study population aging in Europe by examining the interplay between a wide variety of economic, health, and social factors. The SHARE study and its sampling methodology are described elsewhere [29] . Briefly, probability sampling was used to recruit community dwelling participants aged 50 years and older from most of the European Union and Israel. Partners living in the same household were also surveyed regardless of age; however, partners under 50 years of age were excluded from the current analysis. Most of the data were collected through computerassisted personal interviews. Additional data were collected through a self-administered drop-off questionnaire. Findings from SHARE remain relevant to current knowledge and practice: The sample is a representative population-based survey that includes participants with multiple medical conditions, who are often excluded from dementia research. The Research Ethics Board of the Nova Scotia Health Authority in Halifax, Canada approved secondary analyses of SHARE data.
Of 18,120 participants who participated in the first two waves of SHARE, 12,598 completed the drop-off survey at baseline, which contained the majority of the social items. We calculated indices (i.e., Frailty Index, Social Vulnerability Index, cognitive impairment) for participants who had data for 80% of the index's items, otherwise index values were considered missing. We excluded the 657 cases which did not have calibrated sample weights or were missing data on variables included in our model, leaving a final sample size of 11,941.
Measures
A deficit accumulation approach was used to measure frailty, cognitive impairment, and social vulnerability. Variables were coded either 1 (deficit present) or 0 (deficit absent). For deficits with ordered response categories, scores were mapped to the 0-1 interval (e.g., for volunteer work: 0 -at least once a week, 0.5 -less than once a week, 1 -does not volunteer). Scores were summed for each individual and the sum was divided by the number of deficits considered.
Frailty index (FI)
With SHARE data, Theou et al. previously constructed a frailty index with 70 items covering a broad spectrum of domains including self-rated health, hospitalizations, comorbidities, signs and symptoms, function, cognition, and mental well-being [27] . We used the same FI except we excluded four cognitive impairment deficits to avoid double counting in the association between frailty and cognitive impairment. One instrumental activity of daily living (IADL) was excluded because it was included in our social vulnerability index, resulting in a 65 deficit FI (see Supplementary Table 1) . Mathematically, the FI can range from 0 (fit) -1 (frail), however, values over 0.7 are extremely rare as survival is unlikely for individuals at such a high level of frailty.
Included in the function items of the FI were activities of daily living (ADLs), instrumental activities of daily living (IADLs), stroke, Parkinson's disease, and 10 items related to depressive symptomology. Because these deficits could be strongly related to cognitive impairment, we conducted sensitivity analyses with these items removed from the FI. This alternate FI had 41 items.
Cognitive impairment
We constructed a cognitive impairment index comprised of five deficits based on tests of orientation, numeracy, instant recall, delayed recall, and verbal fluency. Recall tests, such as instant and delayed recall, and semantic verbal fluency tasks can distinguish between healthy controls and people with MCI or Alzheimer's disease (AD) [30] [31] [32] [33] . Immediate recall scores <5, delayed recall scores <4, and verbal fluency scores <15 were coded as "1" indicating a deficit, based on previous research [30] [31] [32] [33] .
Responses of "don't know" were also coded as "1". These variables were dichotomized into deficit present or absent because we aimed to identify whether participants were functioning within a normal range as opposed to aiming to differentiate between normal functioning and high functioning. For orientation (date, month, year, and day of the week) and numeracy deficits, participants were given a score from 0 to 1 (i.e., 0, 0.25, 0.50, 0.75, 1) based on the number of incorrect responses. The cognitive impairment index can range from 0 (no cognitive impairment) to 1 (cognitively impaired).
Social vulnerability index (SVI)
The 32 item SVI has previously been shown to predict mortality and disability in SHARE [34] . We constructed the same SVI except, because of its particular relevance for cognitive function, education was removed from the SVI and treated as a separate variable, leaving 31 deficits covering social activities, living arrangements, marital status, loneliness, conflict, access to transportation, and opportunities to provide help (see Supplementary Table 2 ). Similar to frailty and cognitive impairment, dichotomous deficits were coded as 0 for deficit absent and 1 for deficit present. The SVI can range from 0 (no vulnerability) to 1 (high vulnerability), however, scores of 0 are rare as most people experience at least some minor level of vulnerability.
As part of SHARE, respondents were asked to indicate the highest educational degree that they have obtained. Based on this response, years of education was then derived from the International Standard Classification of Education (ISCED) [35] . ISCED was designed to enable the comparison of education statistics across multiple countries.
Analyses
We conducted all analyses using calibrated sample weights provided by SHARE. These weights were designed to match the national populations in SHARE based on age and sex. We described the sample using descriptive statistics in SPSS version 22.
The data were randomly split into halves (n = 6,002; n = 5,939) so that we could refine the hypothesized model (training data) and then confirm the final model in the second half of the data (testing data). To ensure the randomized spilt of the data produced two approximately equal groups, independent sample t-tests were used to compare the training and testing data on all continuous variables. χ 2 tests of independence were used to examine the distribution of sex in the training and testing data sets.
A cross-lagged path analysis using a structural equation modelling framework was used to test the directional influences between frailty and cognitive impairment [36] [37] [38] . Using this design, we can test the direction of the relationship between frailty and cognitive impairment while controlling for baseline values and covariates (i.e., age, sex, education, social vulnerability). Path analyses were conducted using Lavaan [39] in R [40] and sample weights were applied using the lavaan.survey package [41] (see the Supplementary Material for the code used). All variables in our model were manifest variables (i.e., directly measured). The three indices (i.e., frailty, cognitive impairment, and social vulnerability) represent a proportion of deficits and were multiplied by 10 to aid interpretation. A one unit change in the analysis represents a 0.1 change in the index.
Robust fit statistics (i.e., Satorra-Bentler χ 2 (S-Bχ 2 ), Comparative Fit Index (*CFI), and the Root Mean Squared Error of Approximation (*RMSEA) and standardized root mean square residual (*SRMR) were examined and robust standard errors were used in the calculation of significance tests because a high normalized Mardia coefficient (32.18) indicated a violation of multivariate normality [42] . A *CFI above 0.95 indicated a good fitting model [43] . An *RMSEA below 0.08 indicated acceptable fitting model and an *RMSEA below 0.06 indicated an excellent fitting model. An *SRMR below 0.08 indicated a good fitting model [43] . Generally, a small non-significant S-Bχ 2 indicates a good fit, but of relevance here, χ 2 is heavily influenced by large sample sizes [44, 45] .
During the model development stage, modification indices were examined to see if there were theoretically plausible paths that could be added to improve model fit. Scaled difference χ 2 tests were used to test whether improvements in model fit were statistically significant [46] .
The final model was confirmed in the testing data. We ran a sensitivity analyses by rerunning the final model in the testing data with an alternate FI with IADLs, ADLs, depression items, stroke, and Parkinson's disease removed.
RESULTS
Sample (weighted)
Ages ranged from 50 to 99 years with an average age of 64 (SD = 9.59) and 54.3% were women. 
Testing and training data (weighted)
We found no significant differences between the two halves on education, sex, SVI, FI (baseline and follow-up), or cognitive impairment (baseline and follow-up). There was a statistically significant difference in age, t = -4.51, p < 0.001; however, because the difference was less than one year, it was felt to be unlikely to influence the results (Table 1) .
Path analyses
The hypothesized model (Model 1) is depicted in Fig. 1 . See Table 2 for fit statistics. The *SRMR indicated a good fit. The *RMSEA was slightly below the more stringent cut-off of 0.06. The *CFI indicated an acceptable fit, but was below the more stringent cutoff of 0.95. Each 0.10 increase in baseline frailty was associated with a 0.03 increase in cognitive impairment at follow-up. Likewise, each additional 0.10 increase in baseline cognitive impairment was associated with a 0.005 increase in frailty at follow-up (p < 0.001). Model 1 accounted for 44% of the variance in cognitive impairment at follow-up and 56% of the variance in frailty at follow-up. The modification indices indicated that a path from education to cognitive impairment at follow-up would improve fit, suggesting education is related to both baseline cognition and the change in cognition from baseline to follow-up.
In Model 2, adding a path from education to cognitive impairment at follow-up, b = -0.11 (p < 0.001), improved model fit, S-Bχ 2 = 78.53, (p < 0.001), and the *CFI was above the 0.95 cut-off. The *RMSEA indicated a good fit. Each 0.10 increase in baseline frailty was associated with a 0.03 increase in cognitive impairment at follow-up (p < 0.001). Likewise, each 0.10 increase cognitive impairment was associated with a 0.005 increase in frailty at follow-up (p < 0.001). Model 2 accounted for 47% of the variance in cognitive impairment at follow-up and 56% of the variance in frailty at follow-up. The modification indices indicated that a path from age to frailty at follow-up would improve fit; suggesting age is related to both frailty and change in frailty from baseline to follow-up.
In Model 3, adding a path from age to frailty at follow-up, b = 0.02, (p < 0.001), resulted in a significant improvement in model fit, S-Bχ 2 = 67.82 (p < 0.001). The *CFI, *SRMR, and the *RMSEA all indicated a very good fit. Each 0.10 increase in baseline frailty was associated with a 0.03 increase in cognitive impairment at follow-up (p < 0.001). Likewise, each 0.10 increase in baseline cognitive impairment was associated with a 0.003 increase in frailty at follow-up (p < 0.001). Model 3 accounted for 47% of the variance in cognitive impairment and 58% of the variance in frailty at follow-up. Modification indices indicated that a path from age to cognitive impairment at follow-up would improve fit; suggesting age is also associated with change in cognitive impairment from baseline to follow-up.
In Model 4, adding a path from age to cognitive impairment at follow-up, b = 0.05 (p < 0.001) improved model fit, S-Bχ 2 = 83.23 (p < 0.001) and all fit statistics indicated very good fit. Each 0.10 increase in baseline frailty was associated with a 0.01 increase in cognitive impairment at follow-up (p < 0.001). Likewise, 0.10 increase in baseline cognitive impairment was associated with a 0.003 increase frailty at follow-up (p < 0.001). Given that all fit statistics indicated a very good fit and there were no meaningful changes suggested by modification indices, Model 4 was our final model, accounting for 49% of the variance in cognitive impairment and 59% of the variance in frailty at follow-up.
The final model (Model 4) was confirmed in the testing data. Results were very similar to the results of Model 4 tested in the training data. All fit statistics indicated very good model fit. See Table 3 for path coefficients. The final model accounted for 50% of the variance in Wave 2 cognitive impairment and 57% of the variance in Wave 2 frailty.
The final model was confirmed in a sensitivity analysis with a 41 deficit FI that had IADLs, ADLs, depression items, stroke, and Parkinson's disease removed. These results were almost identical to the final model with the full FI with no substantive differences. Note: All estimates were significant at p < 0.001, except those marked with an asterisk, which were significant at p < 0.01 and the covariance between cognitive impairment and frailty residuals at baseline in the sensitivity analysis (non-significant).
DISCUSSION
We identified a bi-directional relationship between frailty and cognitive impairment across two waves of SHARE. Frailty was a risk factor for cognitive impairment and cognitive impairment was associated with frailty at follow-up. In addition to considering basic demographic variables (i.e., age, sex, and education), we also considered the role of social vulnerability. The path from baseline frailty to cognitive impairment at follow-up remained statistically significant and clinically meaningful after controlling for age, sex, social vulnerability, education, and initial cognitive impairment as did the path from baseline cognitive impairment to frailty at follow-up. These results suggest even mild health decrements at midlife have an important impact on subsequent cognitive decline [47, 48] .
A number of studies have linked frailty to cognitive decline. For example, baseline frailty measured in three ways (i.e., FI from a comprehensive geriatric assessment, clinical frailty score, and the frailty phenotype) was associated with changes in cognitive function over time regardless of which frailty measure was used [4] . Armstrong and colleagues found frailty was associated with declines in cognitive function over a 3-and 6-year period [22] and that within person changes in frailty were associated with changes in cognition even after taking into consideration baseline frailty [6] . Buchman and colleagues found frailty predicted rate of cognitive decline and incident AD and suggested that frailty occurs before dementia [49] . The results from our study support these results but also suggest that cognitive impairment may occur first and result in subsequent frailty.
Other researchers have found support for this notion that cognitive impairment may occur first and lead to subsequent frailty. Raji and colleagues found that non-frail Mexican Americans with poor cognition were more likely to become frail compared to those with normal cognition [9] . Binder et al. found that cognitive processing speed predicted physical performance and surmised that declining processing speed may be a risk factor for physical frailty [50] . Further, frailty is associated with health-related quality of life (QOL) in the early stages of cognitive impairment [51] ; this impact on QOL provides additional rationale for the concurrent examination of frailty and cognition.
Almost no studies have examined the bidirectional relationship between frailty and cognitive impairment; however, some researchers have examined a bidirectional association between physical function and cognition. Elovainio et al. found that, in middle-aged adults, cognition predicted a decline in physical function 5 years later, but physical function did not predict future cognition; [52] however, other researchers have found evidence of a bi-directional relationship. In a cross-sectional study, Bullain and colleagues found a dose-response relationship between physical function and dementia risk in participants over 90 years of age [53] . Black and Rush found that, over two years, functional status predicted cognitive decline and cognitive impairment predicted functional decline in community dwelling adults aged 75 years and older [54] . Krall et al. found that physical and cognitive functioning interact, such that these impairments build on each other [55] . None of these studies assessed frailty and they were all targeted on a more narrow age range of participants (e.g., middle-aged, over 90 years of age). Although function does contribute to frailty, frailty is a broader and more comprehensive measure which includes deficits across multiple domains (illnesses, symptoms, function, sensory impairments). Consideration of frailty thus affords an opportunity to consider a more holistic measure of health and vulnerability than a focus on function alone. Our work expands on the above research as we simultaneously examined the reciprocal relationships between frailty and cognition using a path analysis approach that takes many other factors into account as well. Further, we used a community-based sample with a wide age range (i.e., 50-99 years of age) making our results more generalizable. We demonstrated that frailty and cognitive impairment may mutually influence each other. Accumulating physical health or cognitive deficits may limit or slow down the body's ability to repair itself, leading to more deficits that could be physical and cognitive in nature [5] .
Why might this be so? One potential mechanism is shared risk factors; this is clearly the case for frailty and cognitive impairment. Anstey and colleagues found that smoking and sedentary lifestyle were negatively associated with overall life expectancy and life expectancy free of cognitive impairment [56] . In cognitively unimpaired older adults, those participants who score higher on a physical performance test were less likely to be diagnosed with AD in the future [57] . Buchman and colleagues found that AD neuropathology at death (neuritic plaques, diffuse plaques, and neurofibrillary tangles) was associated with physical frailty before death; further, this association did not differ based on the presence or extent of dementia [58] .
At its core, the connection between frailty and cognitive impairment may be due to pathophysiological problems that tend to accumulate with age, albeit at different rates. It should not be seen as an accident that dementia is chiefly a problem of old age [59] . Oxidative stress [60] and chronic inflammation [61] are associated with both frailty and with cognitive decline. Also, physical co-morbidities are associated with clinical manifestations of AD [62] . The heterogeneity in disease expression in people with AD may be due in part to their varying number of comorbid conditions, underscoring the importance of assessing and treating comorbidity and frailty in patients with AD. In one study, 61% of AD patients had three or more comorbidities and more severe comorbidity was associated with worse cognitive function [63] . For example, although there is a relationship between cognitive function and subsequent decline in gait speed, it appears to be attenuated after comorbidities are taken into account [64] . Furthermore, increased muscle strength in community dwelling adults is associated with a lower risk of AD and MCI [65] . Song and colleagues found that mortality and dementia diagnosis were best predicted by the number of health problems rather than by the nature of these problems, suggesting that dementia risk in older adults is determined to an important extent by overall health, presumably reflecting a range of cellular and molecular age-related changes [66] .
Although basic demographic variables such as age and sex are commonly taken into account, a comprehensive assessment of social vulnerability is not often considered in studies of frailty and cognitive impairment. Older peoples' social circumstances are complex, so it is important to consider the cumulative impact of social problems. Individually, many aspects of social vulnerability have been found to predict frailty and cognitive impairment. For instance, social disengagement was associated with subsequent cognitive decline even after adjusting for demographic factors and health, [15] and social engagement was associated with better cognitive function in adults over age 50 [67] . Peek and colleagues found that social support was associated with slower progression of frailty in older Mexican Americans [25] . Given the complexity of older adults' social circumstances, which is insufficiently captured by single social variables considered in isolation, considering different domains of social vulnerability together in a single index may shed light on the cumulative impact of different social "deficits". For this reason, we used the Social Vulnerability Index (SVI) that uses a deficit accumulation approach to measure overall social vulnerability [68] .
The SVI has been previously validated in SHARE and includes a range of social factors, from income adequacy to social support and engagement [28] . The SVI was previously found to be associated with cognitive decline in community dwelling older adults over a five year period [17] . We used the SVI as a holistic measure of social circumstances and found an association with lower levels of baseline cognitive impairment and frailty; however, the modification indices did not indicate that a meaningful improvement in model fit could be achieved by allowing social vulnerability to predict follow-up cognitive impairment or frailty. This finding suggests that although people who are more socially vulnerable are frailer and more cognitively impaired, the rate at which people decline with age may be similar across grades of socially vulnerability.
Education was associated with baseline cognitive impairment and cognitive impairment at follow-up, indicating an association with the change in cognition from baseline to follow-up. This is consistent with prior findings that cognitive improvement or stable cognitive function over a five year period were more common in people who were highly educated [4] . Education has been used as an indicator for cognitive reserve and, as such, has found to offer some protection against cognitive impairment [69] . Age was associated with frailty and cognitive impairment at follow-up, indicating an association with the change in both outcomes from baseline to follow-up. Social circumstances are also relevant to the idea of reserve. Viewed in the inverse, the absence of social "deficits" can be seen as contributing to reserve. For example, cognitive reserve as indicated by leisure, social relations, reading, education, and professional achievement was associated with lower levels of cognitive impairment in patients with sporadic late onset AD [70] .
Some might argue that using general indices, such as the FI, to predict dementia does not further our understanding of the underlying mechanisms and etiology of cognitive impairment because individual risk factors cannot be teased out [71] . However, the deficit accumulation approach does allow us to take into account the "real world" complexity of older people's health, and formally operationalizes the notion that "the problems of old age come as a package" [72] . For instance, Mekli and colleagues showed that there are potential association between some genetic variations and the FI [73] . There is also evidence that frailty may play a role in the association between neuropathology and the expression of dementia. Although correlated, some people appear to be able to withstand substantial neuropathology and remain cognitively intact [74] . Some attribute this discrepancy to neural reserve, which is potentially maintained through cognitive activity [75] . Another possibility supported by the current research is that frailty may deplete neural reserve, thus cognitive impairment tends to increase as individuals become frailer [6] . The fact that brain pathology commonly associated with dementia and AD has also been found to be associated with frailty provides further support for the role of frailty in neural reserve [76] .
Limitations and future research
Health and social deficits in SHARE are based on self-reported responses. The use of objective deficits (e.g., clinical measurements of biometrics and lab data) could have influenced our results. Even so, the FI has been validated using self-report data [77] . The frailty index we used has 65 items, which at first might seem limiting for clinical use. However, in the era of the electronic medical records, it is often possible to make use of existing data. Further, the approach is sufficiently robust if deficit selection criteria are met: almost any version of the FI with at least 30-items can be used [78] . In this way, routine clinical use can be feasible.
Our model explained almost half of the variance in cognitive impairment and over half of the variance in frailty at follow-up, leaving approximately half of the variance in each of these constructs remains unexplained. This unexplained variance suggests that there are factors not included in our model that are associated with change over time in frailty and cognitive impairment; candidates might include neuropathology [79] and physical activity [80, 81] . Conceivably, more detailed measures (such as biomarkers) might provide additional insight and are of interest to our group. Recent work suggests that although single biomarkers can have limited value, in the aggregate (combined using the principles of deficit accumulation modelling) they can powerfully add to understanding risk, at least in relation to mortality [82, 83] .
We used data from two waves of SHARE, separated by two years. A longer follow-up interval may have influenced the results. Longer follow-up periods would allow for more intervening variables that could strengthen or attenuate the association between cognitive impairment and frailty. Assessing multiple time points would allow for the examination of more complex relationships between frailty and cognitive impairment, such as curvilinear relationships. These longitudinal approaches provide fodder for further inquiry.
We used five cognitive deficits as a global measure of cognitive impairment. Although these specific deficits have not been used together in a cognitive impairment index, they have been used as frailty deficits [27] . Combining a variety of cognitive tests into a single index is often carried out when the focus is on global cognition rather than individual domains (e.g., [74, 84, 85] ). We chose to focus on overall cognitive impairment; however, results could vary for different cognitive domains. This could be of interest; Gross and colleagues found that impairment in executive function preceded the onset of physical frailty more so than memory or general cognitive performance in a sample of initially healthy women [86] . Further, although we discuss connections between frailty and dementia in the context of considering cognitive impairment more generally, SHARE lacks data on clinical diagnosis of dementia so we focused our investigation on the link between frailty and cognitive impairment.
Conclusions
Just as worsening frailty can lead to declines in cognitive function, the reverse might also be true. In this way, both frailty and cognitive impairment could herald further downward spirals in health. While this may seem pessimistic, it may serve to animate our search for interventions targeting one or the other that might in fact lead to improvements in both. To advance the field, this possibility must be investigated in interventional studies. Although controlled trials in dementia treatment typically focus on individuals who are otherwise healthy, our data suggest that persons with dementia are likely to have concurrent health deficits and may be on the verge of acquiring more deficits. As such, in order to understand, assess, and treat the vast majority of people with dementia (who also have the other problems that come as a package with aging), we must consider a broader range of factors. Dementia research has been criticized for occurring in isolation from the many other features that occur with aging [72] . By measuring overall health status, we offer a feasible means of addressing how to quantify the many problems that can come with old age, and how to demonstrate their impact on cognition (and vice versa).
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